METHOD AND APPARATUS FOR DETECTING STATIONARY 
ROTOR ANGLE OF SENSORLESS BRUSHLESS DC MOTOR, AND 
STARTING METHOD AND APPARATUS USING THE SAME 



5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a sensor less 
brushless direct current (DC) motor, and more particularly, 
to a method and apparatus for detecting a stationary rotor 
10 angle of the motor and a method and apparatus for starting the 
motor after the stationary rotor angle is detected. 
Description of the Related Art 

A sensorless brushless DC motor is a brushless DC 
motor formed by a stator including windings and a rotor without 
15 rotor angle detecting sensors such as Hall sensors. 

In a prior art sensorless brushless DC motor (see' 
JP-A~4- 183252) , in a steady mode, the windings of the stator 
are supplied with currents in synchronization with a detected 
rotor angle by back-electromotive forces generated in the 
20 windings by the rotor which is currently being rotated. On the 
other hand, in a start mode, pulses of a high frequency signal 
are supplied to the windings of the stator. In this case, the 
rotor cannot be rotated; however, the rotor is vibrated at the 
frequency of the high frequency signal. As a result, 
25 back-electromotive forces are generated in the windings of the 
stator, so that the rotor angle can be determined. This will^ 
be explained later in detail. 

In the above-described prior art driving apparatus, 
however, since the frequency of the high time constant circuit 
30 has to be brought close to a characteristic oscillation 

frequency of the rotor, an oscillation circuit for generating 
the above-mentioned high frequency signal has to be adjusted 
for each rotor, which would increase the manufacturing cost. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a method and apparatus for detecting a stationary rotor angle 
5 of a sensorless brushless DC motor without generating pulses 
of a high frequency signal whose frequency is close to a. 
characteristic frequency of a rotor. 

Another object is to provide a method and apparatus 
for starting a sensorless brushless DC motor without 

10 generating pulses of a high frequency signal whose frequency 
is close to a characteristic frequency of a rotor. 

According to the present invention, in a method for 
detecting an angle of a stationary rotor of a sensorless 
brushless'DC motor formed by a stator including a plurality 

15 of windings and the rotor including permanent magnet poles, 
inductances of the windings are detected while the rotor is 
stationary, and then, the angle of the stationary rotor is 
detected in accordance with the detected inductances. 

Also, in a method for starting a sensorless 

20 brushless DC motor formed by a stator including a plurality 
of windings and a rotor including permanent magnet poles, the 
rotor is rotated by supplying a sequence of driving current 
phases to the windings. First, inductances of the windings are 
detected while the sequence of driving current phases are 

25 supplied to the windings and the rotor is stationary. Then, 
an angle of the rotor is detected in accordance with the 
detected inductances. In this case, the detected angle of the 
rotor corresponds to a stable stop point of one of the driving 
current phases. Then, a first start driving current phase is 

30 supplied to the windings. The first start driving current 
phase is immediately after the one of the driving current 
phases. Finally, a second start driving current phase is 
supplied to the windings. In this case, the second start 
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driving current phase is immediately after the first start 
driving current phase. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 The present invention will be more clearly 

understood from the description set forth below, as compared 
with the prior art, with reference to the accompanying 
drawings, where in* 

Fig. 1 is a block circuit diagram illustrating a prior 
10 art apparatus for driving a sensorless brushless DC motor; 

Fig. 2 is a timing diagram for explaining the normal 
operation of the three-phase bridge circuit of Fig. 1; 

Fig. 3 is a circuit diagram illustrating a first 
embodiment of the apparatus for driving a sensorless brushless 
15 DC motor according to the present invention; 

Fig. 4 is a flowchart for explaining the operation of the 
control circuit of Fig. 3; 

Fig. 5 is a table for showing the driving phases of the 
DC motor of Fig. 3; 
20 Fig. 6 is a timing diagram illustrating torque 

characteristics of the DC motor of Fig. 3; 

Fig. 7 is a timing diagram for explaining the comparators 
of Fig. 3; 

Fig. 8A and 8B are diagrams for explaining inductances 
25 of the windings of Fig. 3; 

Figs. 9, 10A, 10B, 11A, 11B, 12, 13A, 13B, 14A and 14B 
are timing diagrams for explaining the flowchart of Fig. 4; 
and 

Fig. 15 is a circuit diagram illustrating a second 
30 embodiment of the apparatus for driving a sensorless brushless 
DC motor according to the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Before the description of the preferred embodiments, 
a prior art apparatus for driving sensorless brushless DC 
motor will be explained with reference to Figs. 1 and 2. 

In Fig. 1, which illustrates a prior art apparatus 
5 for driving a sensorless brushless DC motor (see: 

JP-A-4-183252), reference numeral 1 designates a stator 
having a U-phase winding 11, a V-phase winding 12 and a W^phase 
winding b3, and 2 designates a rotor having two permanent 
magnet poles. 

10 A three-phase bridge circuit 3 for supplying 

currents to the windings 11, 12 and 13 is a serial-parallel 
circuit formed by P-channel power MOSFETs 31, 32 and 33 and 
N-channel power MOSFETs 34, 35 and 36. 

Amplifiers 41, 42 and 43 for detecting 

15 back-electromotive forces generated in the windings 11, 12 and 
13, respectively, are connected to the windings 11, 12 and 13. 
Note that even when the windings 11, 12 and 14 are supplied 
with currents by the three-phase bridge circuit 3, no current 
flows through at least one of the windings 11, 12 and 13. In 

20 this case, a back-electromotive force is generated in the one 
of the windings 11, 12 and 13 by the rotor 2 which is currently 
being rotated. Thus, the angle 0 of the rotor 2 can be 
determined by the output signals of the amplifiers 41, 42 and 
43. 

25 The three-phase bridge circuit 3 and the amplifiers 

41, 42 and 43 are connected to a control circuit 5 which is 
constructed by a microcomputer. 

Thus, in a steady mode where the rotor 2 is being 
rotated, the control circuit 5 generates control signals SI, 

30 S2, S3, S4, S5 and S6 for the MOSFETs 31, 32, 33, 34, 35 and 
36, respectively, as shown in Fig. 2 in accordance with the 
rotor angle 6 determined by the output signals of the 
amplifiers 41, 42 and 43, so that the rotor 2 can be 
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forward-rotated at a definite speed. 

On the other hand, in a start mode, since the rotor 
2 is not rotated, no back-electromotive force is generated in 
any of the windings 11, 12 and 13. Therefore, it is impossible 
5 to detect the rotor angle 8 as in the steady mode. In order 
to detect the rotor angle 6 in the start mode, an oscillation 
circuit 6 is provided. 

The oscillation circuit 6 is constructed by a high 
time constant circuit 61 for generating a high frequency 

10 signal, a low time constant circuit 62 for generating a low 
frequency signal, and a switch circuit 63 for switching the 
high time constant circuit 61 and the low time constant circuit 
62. That is, when a start signal ST is supplied to the 
oscillation circuit 6, the switch circuit 63 selects the high 

15 time constant circuit 61, so that pulses, of a high frequency 
signal are supplied via the "control circuit 5 to the windings 
11, 12 and 13. In this case, the rotor 2 cannot be rotated; 
however, the rotor 2 is vibrated at the frequency of the high 
frequency signal. As a result, back-electromotive forces are 

20 generated in the windings 11, 12 and 13, so that the control 
circuit 5 can determine the rotor angle 6 . Thereafter, the 
control circuit 5 controls the switch circuit 63 so that the 
switch circuit 63 selects the low frequency time constant 
circuit 62, thus entering a steady mode using the pulses of 

25 the low frequency signal without backward-rotating tlie rotor 
2. 

In the driving apparatus of Fig. 1, however, since 
the frequency of the high time constant circuit 61 has to be 
brought close to a characteristic oscillation frequency of the 
30 rotor 2, the oscillation circuit 6 has to be adjusted for each 
rotor, which would increase the manufacturing cost. 

In Fig. 3, which illustrates a first embodiment of 
the apparatus for driving a sensorless brushless DC motor 
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according to the present invention, a three-phase bridge 
circuit 7 and comparators 81 and 82 are provided instead of 
the switch circuit 5 of Fig. 1. Note that the start signal ST 
is supplied directly to the control circuit 5, and the low time 
5 constant circuit 62 of Fig. 1 may be incorporated into the 
control circuit 5. 

The three-phase bridge circuit 7- is constructed by 
N-channel power MOSFETs 71, 72 and 73 and a resistor 74. Note 
that, in a start mode, the N-channel power MOSFETs 71, 72 and 

10 73 serve as the N-channel power MOSFETs 34, 35 and 36, 
respectively, of the three-phase bridge circuit 3. 

The comparators 81 and 82 compare an output voltage 
V D of the three-phase br i dge .c ircui t 7 with reference voltages 
Vrefi an< i v ref2 ( v refi < ^ref? ^ » respectively. The reference 

15 voltages V R g F1 and V REF2 are generated by voltage dividers (Rl, 
R2) and (R3, R4) , respectively. 

In a steady state, in the same way as in the 
apparatus of Fig. 1, the control circuit 5 generates the 
control signals SI, S2, S3, S4, S5 and S6 for the MOSFETs 31, 

20 32, 33, 34, 35 and 36 as shown in Fig. 2 in accordance with 
the rotor angle 9 determined by the output signals of the 
amplifiers 41, 42, and 43, so that the rotor 2 can be 
forward-rotated at a definite speed. 

On the other hand, in a start mode, the control 

25 circuit 5 generates control signals SI, S2, S3, S7, S8 and S9 
for the MOSFETs 31, 32, 33, 71, 72 and 73, respectively, to 
detect the stationary rotor angle 9 in accordance with the 
output signals \ x and V 2 of the comparators 81 and 82. Then, 
the control circuit 5 drives the rotor 2 in a forward rotation 

30 in accordance with the detected stationary rotor angel 0. 

The operation of the control circuit 5 of Fig. 3 will 
be explained next with reference to Fig. 4. The flowchart of 
Fig. 4 is started by receiving the start signal ST. Note that 
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driving phases P p P ? , , P 6 are defined by currents as shown 
in Fig. 5, and the torque characteristics of the DC motor with 
respect to the driving phases P p P 2 , P 6 are shown in Fig. 

6. 

5 First, at step 401 (see tl of Fig. 7), the phase ? x 

(U — ^ W) is driven, i.e., the control signals SI and S9 are 
made "1" (high) so that the windings 11 and 13 are turned ON. 
As a result, a current flows from the MOSFET 31 through the 
windings 11 and 13 to the MOSFET 73, so that the output voltage 

10 V D of the three-phase bridge circuit 7 is changed as shown in 
Fig. 7. In this case, the output voltage V D is represented by 
V D - (V cc • R 0 / R x ) (1 - exp(- R x t / L,)) 
where V cc is a power supply voltage; 
R 0 is the resistance value of the resistor 74; 

15 R x is a combined resistance value of the 

ON-res i stance value of the MOSFETs 33 and 73, the resistance 
value of the windings 11 and 13 and the resistance value R 0 
of the resistor 75; and 

is an inductance of the windings 11 and 13. 

20 The resistance value of the resistor R 0 and the 

combined resistance R { are almost constant regardless of the 
rotor angle 6 \ however, the inductance L x of the windings 11 
and 13 is affected by the rotor angle 6 . That is, as shown 
in Fig. 8A, when the direction of a magnetic flux induced by 

25 a current flowing through a winding W coincides with that of 
a magnetic flux induced by the rotor 2, the inductance of the 
winding W is minimum. On the other hand, as shown in Fig. 8B, 
when the direction of a magnetic flux induced by a current 
flowing through the winding W is opposite to that of a magnetic 

30 flux induced by the rotor 2, the inductance of the winding W 
is maximum. 

Next, at step 402, a time t2 from a timing when the 
output signal Vj of the comparator 81 falls is detected, and 
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a time t3 when the output signal V 2 of the comparator 82 falls 
is detected. Then, a time period T { (= t3 - t2) as shown in 
Fig. 7 is calculated. 

Next, at step 403 (see t4 of Fig. 7), the control 
signals SI and S9 are made "0"(low), so that the windings 11 
and 13 are turned OFF. 

Next, at step 404 (see tl of Fig. 7), the phase P 2 
(V — » W) is driven, i.e., the control signals S2 and S9 are 
made "1" (high) so that the windings 12 and 13 are turned ON. 
As a result, a current flows from the MOSFET 32 through the 
windings 12 and 13 to the MOSFET 73, so that the output voltage 
V D of the three-phase bridge circuit 7 is changed as shown in 
Fig. 7. In this case, the output voltage V D is substantially 
represented by 

V D = (V cc Ro / Ri) (1 - exp(- R,t / L 2 )) 

where L 2 is an inductance of the windings 12 and 13. 

Next, at step 405, a time. t2 from a timing when the 
output signal V l of the comparator 81 falls is detected, and 
a time t3 when the output signal V 2 of the comparator 82 falls 
is detected. Then, a time period T 2 (= t3 - t2) as shown in 
Fig. 7 is calculated. 

Next, at step 406 (see t4 of Fig. 7), the control 
signals S2 and S9 are made "0" (low), so that the windings 12 
and 13 are turned OFF. 

Next, at step 407 (see tl of Fig. 7), the phase P 3 
(V — > U) is driven, i.e., the control signals S2 and S7 are 
made "I" (high) so that the windings 12 and 11 are turned ON. 
As a result, a current flows from the MOSFET 32 through the 
windings 12 and 11 to the MOSFET 71, so that the output voltage 
V D of the 'three-phase bridge circuit 7 is changed as shown in 
Fig. 7. In this case, the output voltage V D is substantially 
represented by 

V D = (V QC • R 0 / Ri) (1 ~ exp(- R x t / L 3 )) 



where L 3 is an inductance of the windings 12 and 11. 

Next, at step 408, a time t2 from a timing when the 
output signal Vj of the comparator 81 falls is detected, and 
a time t3 when the output signal V 2 of the comparator 82 falls 
5 is detected. Then, a time period T 3 ( = t3 - t.2) as shown in 
Fig. 7 is calculated. 

Next, at step 409 (see t4 of Fig. 6), the control 
signals S2 and S7 are made "0" (low), so that the windings 12 
and 11 are turned OFF. 
10 Next,' at step 410 (see tl of Fig. 7), the phase P 4 

(W —> U) is driven, i.e., the control signals S3 and S7 are 
made "1" (high) so that the windings 13 and 11 are turned ON. 
As a result, a current flows from the M0SFET 33 through the 
windings 13 and 11 to the M0SFET 71, so that the output voltage 
15 V D of the three-phase bridge circuit 7 is changed as shown in 
Fig. 7. In this case, the output voltage V D is substantially 
represented by 

V D = (V cc • R 0 / fO (1 - exp(- Rjt / L 4 )) 

where L 4 is an inductance of the windings 13 and 11. 
20 Next, at step 411, a time t2 from a timing when the 

output signal V l of the comparator 81 falls is detected, and 
a time t3 when the output signal V 2 of the comparator 82 falls 
is detected. Then, a time period T 4 (= t3 - t2) as shown in 
Fig. 7 is calculated. 
25 Next, at step 412 (see t4 of Fig. 7), the control 

signals S3 and S7 are made "0" (low), so that the windings 13 
and 11 are turned OFF. 

Next, at step 413 (see tl of Fig. 7), the phase P 5 
(W — > V) is driven, i.e., the control signals S3 and S8 are 
30 made "1" (high) so that the windings 13 and 12 are turned ON. 
As^a result, a current flows from the M0SFET 33 through the 
windings 13 and 12 to the M0SFET 72, so that the output voltage 
V D of the three-phase bridge circuit 7 is changed as shown in 
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Fig. 7. In this case, the output voltage V D is substantially 
represented by 

V D - (V cc • R 0 / RjXl - exp(- R,t / L 5 )) 
where L 5 is an inductance of the windings 13 and 12: 
5 Next, at step 414, a time t2 from a timing when the 

output signal V t of the comparator 81 falls is detected, and 
a time t3 when the output signal V 2 of the comparator 82 falls 
is detected. Then, a time period T 5 (= t3 - t2) as shown in 
Fig.' 7 is calculated. 
10 Next, at step 415 (see t4 of Fig. 7), the control 

signals S3 and S8 are made "0" (low), so that the windings 13 
and 12 are turned OFF. 

Next, at step 416 (see tl of Fig. 7), the phase P 5 
(U — > V) is driven, i.e., 1 the control signals SI and S8 are 
15 made "1" (high) so that the windings 11 and 12 are turned ON. 
As a result, a current flows from the MOSFET 31 through the 
windings 11 and 12 to the MOSFET 72, so that the output voltage 
V D of the three-phase bridge circuit 7 is changed as shown in 
Fig. 7. In this case, the output voltage V D is substantially 
20 represented by 

V D = (V cc • R 0 / R t ) (1 - exp(- Ri t / L 6 ) ) 
where L 6 is an inductance of the windings 11 and 12. 
Next, at step 417, a time t2 from a timing when the 
output signal V x of the comparator 81 falls is detected, and 
25 a time t3 when the output signal V 2 of the comparator 82 falls 
is detected. Then, a time period T 6 (- t3 - t2) as shown in 
Fig. 7 is calculated. 

Next, at step 418 (see t4 of Fig. 7), the control 
signals SI and S8 are made "0" (low), so that the windings 11 
30 and 12 are turned OFF. 

Next, at step 419, the control circuit 5 selects one 
of the phases P p P ? , P 3 , P 4 , P 5 and P 6 having a minimum value 
of the time periods T lf T 2 , T 3 , T 4 , T 5 and T 6 , i.e., a minimum 
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inductance with respect to the rotor 2. For example, when the 
time period T x is minimum, the rotor 2 stably stops at a 
location I as indicated in Fig. 6. Also, when the time period 
T 2 is minimum, the rotor 2 stably stops at a location II as 
5 indicated in Fig. 6. Further, when the time period T 3 is 
minimum, the rotor 2 stably stops at a location III as 
indicated in Fig. 6. Further, when the time period T 4 is 
minimum, the rotor 2 stably stops at a location IV as indicated 
in Fig. 6. Additionally, when the time period T 5 is minimum, 

10 the rotor 2 stably stops at a location V as indicated in Fig, 
6. Still, when the time period T 6 is minimum, the rotor 2 stably 
stops at a location VI as indicated in Fig. 6. 

Next, at step 420, the control circuit 5 drives the 
phase P i + 1 ahead of the phase P { Thereafter, at step 421, the 

15 control circuit 5 drives the phase P i + 2 ahead of the phase P i + 1 . 
Note that i is mod [6]. Therefore, if i'+l > 6, "i + 1" is caused 
to be "i + 1-6", and if i + 2 > 6, "i + 2" is caused to be "i+2-6". 
For example, Pi indicates Pj where a current flows from the 
U-phase winding 11 to the W-phase winding 13, a current first 

20 flows from the V-phase winding 12 to the W-phase winding 13 
(phase P 2 ), and then, a current flows from the V-phase winding 
12 to the U-phase winding 11 (phase P 3 ) . Thus, a start mode 
is completed, so that the rotor 2 is forward-rotated. 

Finally, at step 422, the control enters a steady 

25 mode using the output signals of the amplifiers 41, 42 and 43 
to control the three-phase bridge circuit 3. 

The provision of step 421 without step 420 is 
explained below. That is, assume the control at step 419 
proceeds directly to step 421. 

30 For example, as shown in Fig. 9, when the phase Pj 

(U — > W) has a minimum inductance, so that the rotor 2 stably 
stops at a location I indicated in Fig. 9, the control circuit 
5 drives the phase P 3 (V — > U) two phases after the phase ? { 
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(U — > W).. Even in this case, a large torque as indicated by 
TQj in Fig. 9 is generated in the rotor 2, so that the rotor 
2 can be effectively forward-rotated without step 420. 

Next, as shown in Fig. 10A, although the phase P l 
5 (U W) has a minimum inductance, the phase P 6 (U — > W) 

adjacent to the phase P 1 may erroneously be selected at step 
419. Even in this case, when the control circuit 5 drives the 
phase P 2 (V — > W) two phases after the phase P 6 (U — > V) , a large 
torque as indicated by TQ 1 in Fig. 10A is generated in the rotor 

10 2, so that the rotor 2 can be effectively forward-rotated 
without step 420. 

Next, as shown in Fig. 10B, although the phase P x 
(U W) has a minimum inductance, the phase P 2 (V : — > W) 
adjacent to the phase P l may erroneously be selected at step 

15 419. In this case, when the control circuit 5 drives the phase 
P 4 (U — > W) two phases after the phase P 2 (U — * W) , no torque 
as indicated in Fig. 10B is generated in the rotor 2, so that 
the rotor 2 cannot be forward-rotated without step 420. 

Next, as shown in Figs. 1 1 A and 11B, the rotor 2 

20 actually stops at an intermediate location indicated by X 
between the location I and II. In this case, the phase P x (U 
-> W) or P 2 (V -> W) is selected at step 419. When the phase 
Pj (U W) is selected, the control circuit 5 drives the phase 
P 3 (V — > U) two phases after the phase P x (U ~> W) , a large 

25 torque as indicated by TQ { in Fig. HA is generated in the rotor 
2, so that the rotor 2 can be effectively forward-rotated 
without step 420. On the other hand, when the phase P 2 (V ■— > 
W) is selected, the control circuit 5 drives the phase P 4 (V 
— » U) two phases after the phase P x (W — > U) , a torque as 

30 indicated by TQ/ in Fig. 1 1 B smaller than the torque TQj is 
generated in the rotor 2, so that the rotor 2 can be 
forward-rotated at any rate without step 420. 

Thus, if step 420 is not provided, the rotor 2 may 
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not be f orwar d^r ot at ed. 

The provision of step 421 along with step 420 is 
explained below. That is, assume the control at step 419 
proceeds via step 420 to step 421. 
5 For example, as shown in Fig. 12, when the phase P x 

(U — » W) has a minimum inductance, so that the rotor 2 stably 
stops at a location I indicated in Fig. 12, the control circuit 
5 first drives the phase P 2 (V — > W) one phase after the phase 
P^ (U W) . Even in this case, a large torque as indicated 

10 by TQ t in Fig. 12 is generated in the rotor 2. Subsequently, 
the control circuit 5 drives the phase P 3 (V — > U) one phase 
after the phase P 2 (V — > W) . Even in this case, a large torque 
as indicated by TQ 2 in Fig. 12 is generated in the rotor 2. 
Thus, the rotor 2 can be effectively forward-rotated. 

15 Next, as shown in Fig. 13A, although the phase P t 

(U — > W) has a minimum inductance, the phase P 6 (U — * W) 
adjacent to the phase P { may erroneously be selected at step 
419. In this case, the control circuit 5 first drives the phase 
? l (U W) one phase after the phase P 6 (U — > V), so that no 

20 torque is generated in the rotor 2. Subsequently, the control 
circuit 5 drives the phase P 2 (V — > W) one phase after the phase 
Pi (U — > W) , so that a large torque as indicated by TQ 2 in Fig. 
13A is generated in the rotor 2. Thus, the rotor 2 can be 
effect ively forward-rotated. 

25 Next, as shown in Fig. 13B, although the phase P l 

(U — > W) has a minimum inductance, the phase P 2 (V —» W) 
adjacent to the phase P l may erroneously be selected at step 
419. In this case, the control circuit 5 first drives the phase 
P 3 (V — > U) one phase after the phase P 2 (V ^ W) , so that a 

30 large torque as indicated by TQ X in Fig. 13B is generated in 
the rotor 2. Subsequently, the control circuit 5 drives the 
phase P 4 (U — > W) one phase after the phase P 3 (V U) , so that 
no torque as indicated in Fig. 13B is generated in the rotor 
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2. Thus, the rotor 2 can be ef f ec t i ve 1 y f orwar d~ro t a t ed. 

Next, as shown in Fig. 14A and 14B, the rotor 2 
actually stops at an intermediate location indicated by X 
between the location I and II. In this case, the phase Pj (U 
5 ~> W) or P 2 (V — > W) is selected at step 419. When the phase 
Pj (U W) is selected, the control circuit 5 first drives 
the phase P 2 (V — > W) one phase after the phase P x (U W) , 
so that a torque indicated by TQ/ smaller than the torque TQj 
is generated in the rotor 2. Subsequently, the control circuit 

10 5 drives the phase P 3 (V U) one phase after the phase P 2 (V 
— > W) , so that a large torque as indicated by TQ 2 in Fig. 14A 
is generated in the rotor 2. Thus, the rotor 2 can be 
effectively forward-rotated. On the other hand, when the phase 
P 2 (V — » W) is selected, the control circuit 5 first drives 

15 the phase P 3 (V U) after the phase P 2 (V —> W) , so that a 
large torque as indicated by TQ l is generated in the rotor 2. 
Subsequently, the control circuit 5 drives the phase P 4 (V — > 
U) one phase after the phase P 3 (V — > U) , so that a torque as 
indicated by TQ 2 ' in Fig. 14B smaller than the torque TQ 2 is 

20 generated in the rotor 2. Thus, the rotor 2 can be effectively 
forward-rotated. 

Thus, if step 420 is provided, the rotor 2 can be 
completely forward-rotated. 

In Fig. 15, which i 1 lustrat es, a second embodiment 

25 of the apparatus for driving a senserless brushless DC motor 
according to the present invention, a comparator 83 and a 
digital-to-analog (D/A) converter 84 are added to the elements 
of Fig. 3, and a voltage divider formed by resistors Rll, R12 
and R13 is provided instead of the voltage dividers (Rl, R2) 

30 and (R3, R4) . In Fig. 3, the reference voltages V REF1 and V REF2 
are constant, while, in Fig. 15, the reference voltages V REF1 
and V REF2 are variable and determined by the output voltage V P 
of the D/A converter 84. The D/A converter 84 is operated by 
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the control circuit 5 using an initial routine. That is, in 
the initial routine, one phase such as Pj is driven for a 
predetermined time period. As a result, the control circuit 
5 receives the output voltage V ? of the comparator 83. In this 
5 case, when V P < V D , the output voltage V 3 of the comparator 83 
is made "1" (high). As a result, the control circuit 5 
continues to increase input data D to the D/A converter 84 
until V 3 is made "0" (low), i.e., until the output voltage V P 
coincides with the output voltage V D of the three-phase bridge 

10 circuit 7 (V P = V D ) . Thus, the output voltage V p of the D/A 
converter 84 serving as a power supply voltage to the voltage 
divider (Rll, R12, R13) is determined in accordance with the 
peak value of the output voltage V D of the three-phase bridge 
circuit 7 independent of the power supply voltage V cc , which 

15 is helpful in detection of optimum inductances. 

In the above-described embodiments, an outer rotor 
type DC motor is illustrated; however, the present invention 
can be applied to an inner rotor type DC motor. Also, the rotor 
2 can have four or more permanent magnet poles. 

20 As explained hereinabove, according to the present 

invention, the stationary rotor angle of a sensorless 
brushless DC motor can be started without a high time constant 
circuit whose frequency is close to a characteristic frequency 
of a rotor. Also, the sensorless brushless DC motor can be 

25 surely started in a forward-rotation direction. 



